It remains controversial as to whether mitral annular calcification (MAC) is an independent predictor of stroke. The aim of this study was to investigate whether there is an association between the presence of MAC and stroke or whether MAC is one of the predictive factors of carotid atheroma and therefore is a secondary risk for stroke.
so far. [3] [4] [5] On the other hand, it is known that carotid artery atherosclerosis is a significant predictor of cerebrovascular events. 6, 7) METHODS Fifty-six patients diagnosed with MAC by transthoracic echocardiography (35 women and 21 men; mean age, 67 ± 9.5 years; range, 49 to 86 years) who also underwent carotid duplex Doppler ultrasonography and computed brain tomography for various causes between 2002-2003 were enrolled in the study. They were compared with 58 control group patients without MAC (39 women and 19 men; mean age, 63 ± 11.3 years; range, 35-86 years) who also underwent carotid duplex Doppler ultrasonography and computed brain tomography during the same period. Patients with rheumatic valvular disease, cardiomyopathy, prosthetic valves, or MAC smaller than 5 mm were excluded.
We performed 2-dimensional and Doppler colour flow examinations in all patients with a 3V2C adult transducer using an Accuson Cypress CV model cardiac ultrasound. Our MAC criterium was an intense echo-producing structure ≥ 5 mm (severe MAC) located at the junction of the atrioventricular groove and posterior mitral valve leaflet on the parasternal long axis and apical 4-chamber views. 8, 9) Carotid artery duplex sonography was performed with a 5-10 MHz transducer (Sonoline Antares, Siemens, Germany) and a 7.5 MHz transducer (Toshiba SSA-270 A, Japan). Carotid arteries were examined bilaterally. The term "plaque thickness" was defined as the arterial wall thickness at the site of plaque and measured on transverse image. The severity of carotid luminal narrowing was determined by flow abnormalities detected with Doppler spectrum analysis, and stenosis was defined as lumen diameter narrowing exceeding 60%. Evaluation of the ultrasonic characteristics of carotid plaques was based on evolution of the overall brightness of the plaque images with the grey scale median (GSM). 7) This index was used to distinguish quantitatively the hypoechoic (low GSM) plaques from the hyperechoic (high GSM) plaques.
Cerebral ischemia was detected by spiral-computed tomography (Siemens-Somatom Balance) and was classified as infarction and lacunae.
The following cardiac risk factors were recorded in this study: Age, sex, hypertension (blood pressure above 140/90 mmHg), hypercholesterolemia (total cholesterol level > 200 mg/dL), diabetes mellitus (hyperglycemia requiring previous or ongoing pharmacological therapy), and significant smoking history (10 or more pack-years of cigarette use).
The statistical package SPSS for Windows (release 10.0) was used for data analysis. Numerical values are reported as the mean ± SD or as a proportion of the Vol 45 No 6 sample size. Comparisons between the study and control groups were made with the χ 2 test for categorical data, Student's t test, and Mann-Whitney U test for continuous data. Logistic regression analysis was performed to predict the risk factors of the carotid artery atherosclerotic disease and stroke. A P value < 0.05 was accepted as statistically significant.
RESULTS
The clinical characteristics of the patients are summarized in Table I . The study and control groups were not statistically different from each other with respect to the risk factors for atherosclerosis or for developing cerebral infarction, lacunae, and stroke.
Carotid artery stenosis > 60% was found in 9 of the 56 patients with MAC (16.07%) and in only 1 of 58 control patients (1.70%) (P = 0.008, Table II ). In the MAC group the carotid atheroma was more prevalent (P = 0.011) and a statistical association with hyperechogen plaque (P = 0.034, Table II ) was present. Fortyfive of 70 carotid atheroma patients (64.2%) had cerebral infarction. There was a statistically significant association between carotid atheroma and cerebral infarction (P = 0.007).
Binary logistic regression analysis was performed. Hypertension and diabetes mellitus (DM) were significant predictive factors for carotid atheroma (P = 0.030, P = 0.034, respectively, Table III ). On the other hand, MAC was the only significant predictive factor for carotid artery stenosis of > 60% (P = 0.029, Table  IV ).
DISCUSSION
Only two previous studies have demonstrated a strong and significant association between the presence of MAC and carotid atheroma. 8, 10) Consistent with the results of these 2 studies, we found a significant association between the presence of severe MAC and both carotid atheroma and stenosis > 60%. In the present The Wald value is equal to the "z statistic", which is used for testing the hypothesis of area. The Wald value is equal to the "z statistic", which is used for testing the hypothesis of area.
Vol 45 No 6 study, MAC was the only independent factor for carotid stenosis. There was also an association between the presence of carotid atheroma and cerebral infarction. Other previous studies have indicated that patients with MAC have a higher incidence of cerebrovascular events. 5, 11, 12) The Framingham study 11) found an almost two-fold risk of stroke among 1,159 patients with MAC detected by echocardiography; however, concomitant carotid disease was not considered in this study. Nair and associates 5) found that patients with MAC had a 5.0 fold higher risk of developing stroke compared to those without MAC. A study of 657 patients with MAC and 815 with calcified aortic valve reported strong independent associations for these valve lesions with atherosclerotic risk factors. Although, carotid investigation was not relevant in that study, this is a more direct evidence that MAC should be considered as atherosclerotic comorbidity in stroke and not its cause. 12) It is well known that carotid artery atherosclerosis is a strong potential source of cerebral emboli. In addition, carotid artery atherosclerotic disease has been found with high prevalence in elderly patients with hypertension, hyperlipidemia, smoking, and DM. 13, 14) The study of Adler, et al 8) was the first that showed a strong and significant association between the presence of MAC and carotid atherosclerosis. According to the results of their study, in the MAC group, MAC and age were the only independent predictors for carotid artery stenosis of ≥ 40%. In the severe MAC subgroup, hypercholesterolemia and age were the only significant predictors for carotid artery stenosis of ≥ 40%, as expected. These findings suggest that MAC is a marker of generalized vascular disease and not a cause of stroke.
Soylu, et al 10) reported a relation with MAC and atheromas thicker than 3 mm and observed an association between MAC and complex atheromas. They found that MAC was an independent predictive factor for carotid atheroma. Their findings suggest that MAC in the elderly may be a form of atherosclerosis.
Pathological studies have shown that foam cells representing early atherosclerotic lesions can be found in affected patients on the endothelium of the epicardial coronary arteries, the ventricular surface of the posterior mitral leaflet, and the aortic aspects of each of the aortic valve cups. 15) Systemic arterial atherosclerosis is also associated with the deposition of fatty plaques on the aortic surface of the aortic valve cups and the ventricular surface of the posterior mitral leaflet. 16) These findings suggest that coronary atherosclerosis, MAC, and aortic valve calcium in the elderly might have a similar etiology. In an editorial on the senile cardiac calcification syndrome, Roberts 15) claimed that since calcific deposits in the mitral annular area are observed only in a population that develops significant coronary atherosclerosis, MAC in the elderly might also be a form of atherosclerosis. In a single autopsy case, it has been reported that thrombus formation might be associated with a calcified mitral annulus. 17) On the other hand, Stein, et al 18) described two patients with cerebral embolism in whom a mass with the appearance of thrombus was present on a calcified mitral valve using transesophageal echocardiography (TEE). The authors proposed that thromboembolism might be a pathophysiological link between stroke and MAC in some patients.
In conclusion, in this study we examined the relationship between severe MAC and stroke and found a significant association between the presence of MAC and carotid artery atherosclerotic disease.
MAC may not be a significant causative factor for stroke, but it is certainly a risk factor. A significant association between the presence of MAC and carotid artery atherosclerotic disease may explain the high prevalence of stroke in patients with MAC.
